The crystal and molecular structures of five di-(2,5-dimethylpyrrole) and one tri-(2,5-dimethylpyrrole) derivatives have been determined. These compounds were synthesized from the respective diamino derivatives and hexane-2,5-dione in direct and simple reactions. The molecular packings are largely based on C-H···π interactions.
Introduction
Hexane-2,5-dione has been found as a urinary metabolite of n-hexane. It was identified as a 2,5-dimethylpyrrole derivative obtained from the reaction of a urine sample hydrolyzed with hydrochloric acid and then neutralized [1] . Bis-(2,5-dimethylpyrrol-1-yl) compounds were synthesized from hexane-2,5-dione and amines in ethanol or benzene solutions [2] and examined by electron spin resonance spectroscopy in fluid solutions [3] .
In our experiments to synthesize bis-(2,5-dimethylpyrrol-1-yl) compounds we used a procedure without solvents as described in [4] . In the Paal-Knorr synthesis, hexane-2,5-dione is cyclocondensed with α,ω-diaminoalkanes producing N-substituted 2,5-dimethylpyrroles. Simple separation and crystalliza-0932-0776 / 10 / 0500-0611 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tion procedures (details in Experimental Section) yielded crystals suitable for X-ray diffraction analysis.
Results
The surprising aspect of the synthetic work is compound 6, which was obtained from triethylenete- tramine [2,2 -ethylene-di-imino-bis(ethylamine)]. The 1 H NMR and 13 C NMR spectra for 6 are simple. The 1 H NMR spectrum shows the pyrrole 3-and 4-protons at 5.78 ppm, two singlets for the two CH 2 group protons at 3.75 and 2.76 ppm, and a singlet at 2.26 ppm for the CH 3 protons. The 13 C NMR spectrum displays signals for two pyrrole carbons at 127.3 and 105.7 ppm and only three signals for aliphatic carbons at 55.9, 42.5 and 12.7 ppm. The mass spectrum shows a peak at m/z = 381 [M+H] + . The above results confirmed that the expected compound 7 had not formed, and that the product is symmetrical. Single crystals of the compound were grown from methanol solution, and the crystal structure analysis of compound 6 confirmed the proposed structure. The molecular structures of compounds 1 -6 are presented in Figs. 1a -6, with corresponding packing diagrams (excluding 6, see below) in Figs. 1b -5b. Compounds 1 and 3 crystallize with imposed inversion symmetry, as did the related compound 2,2 ,5,5 -tetramethyl-1,1 -(hexane-1,6-diyl)-di-1H-pyrrole [5] , which has a (CH 2 ) 6 bridge between the dimethylpyrrole units; the other compounds display no crystallographic symmetry. The central bridging chains show an extended conformation, and the rings are perpendicular to the bridges (interplanar angles 85 • and 89 • , respectively). Of the two independent molecules of compound 2, one molecule (unprimed atoms) has approximate twofold symmetry (r. m. s. deviation 0.27Å) with antiperiplanar (ap) conformations about the bridge bonds, whereas the other has an ap geometry about C15 -C16 but +sc about C14 -C15 . Compound 4 has twofold symmetry to a good approxi- has a conformationally asymmetric bridge, with ap geometry about C9-N2 and C10-C11 but −ac, +sc geometries about C8-C9 and N2-C10, respectively. Compound 6 has formal threefold symmetry according to the chemical formula, but the (CH 2 ) 2 bridges show different conformations; ap about C11-C12 and C21-22 and −ac about C1-C2. Bond lengths and angles may be regarded as normal. Selected molecular dimensions are given explicitly in the Figure captions. The molecular packing may, at least for compounds 1 -5, be analyzed in terms of C-H··· π interactions, leading to simple structural motifs. Details of these are given in Table 1 (C-H normalized to 1.08Å). Perhaps surprisingly, there are no C-H···N or (for 5) N-H···N interactions. Compound 1 forms thick layers of molecules parallel to the xy plane at z ≈ 0, 1, etc., via two H Me ··· π interactions involving the same methyl group (C8). Compound 2 forms layers parallel to (102) via three H Me ···π interactions; two of these link pairs of molecules around inversion centers, whereas the third links the two independent molecules by translation. For 3, the packing is even simpler; one H Me ··· π interaction links the molecules pairwise across inversion centers to form chains parallel to the z axis. Compound 4 forms a layer structure parallel to (1 02) via 
Experimental Section
Commercial samples of amines were used without further purification. The purity of the amines was monitored by 1 H and 13 C NMR spectroscopy. NMR spectra were obtained with a 400 MHz Bruker spectrometer in CDCl 3 , and chemical shifts are reported in ppm downfield from TMS. ESI mass spectra were recorded on a Varian MS 500 instrument using a flow injection system.
General procedure for the synthesis of 2,5-dimethylpyrrole derivatives 1 -6
The amine (0.1 mole) and hexane-2,5-dione (0.2 mole) were heated under reflux for 1 -2 h. The reaction mixture was then cooled to room temperature and poured into a cooled mixture of water (50 mL) and concentrated hydrochloric acid (5 mL). The precipitate was collected by suction filtration, washed with cold water, and recrystallized from methanol. The products were obtained as colorless crystals but darkened to pale yellowish-brown after a few days in air. Colorless single crystals of 1 and 4 -6 from methanol, 2 and 3 from ethanol solutions were obtained by slow evaporation. 
